When compared with suture alone, the use of mesh in ventral hernia repair (VHR) is associated with a reduction in incidence of hernia recurrence. [1] [2] [3] [4] With mesh being increasingly used to decrease subsequent incisional hernias, there is debate as to which plane of mesh placement has the best outcomes. 4, 5 Mesh can be placed as an onlay, inlay, sublay, or underlay. Among these, sublay repairs are some of the most technically challenging due to the necessity of creating the plane for placement of the mesh. In this technique, the retrorectus space must be meticulously developed, whereas the plane needed for mesh placement in the other methods is already present. Despite the added dissection to establish the retromuscular space, there is increasing evidence to show that sublay mesh placement has the best recurrent hernia incidence, with some studies reporting numbers as low as 5%. [4] [5] [6] [7] Furthermore, with the introduction and improvement of component separations, the retrorectus repair may be utilized in patients that otherwise would not be candidates for hernia surgery. With such great potential, a thorough understanding of the sublay repair can benefit surgeons performing the operation as well as patients suffering from the morbidity of ventral and incisional hernias. This chapter reviews the terminology, technique, outcomes, and future directions of retromuscular sublay repairs while explaining why this operative procedure took several years to become popular despite its original description more than 50 years ago.
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Nomenclature Conceptually, a sublay repair can be thought of as mesh placement in a pocket formed anterior to the peritoneum and posterior to the rectus abdominis. 10 However, misperception of the nomenclature arises due to the several terms used (often interchangeably), to describe mesh placement in this tissue plane-such as retromuscular, retrorectus, preperitoneal, and Rives-Stoppa. A large portion of this confusion stems from the initial description of the technique by Rene Stoppa and Jean Rives in France during the 1960s.
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Although contemporary surgeons in the same country, Stoppa and Rives both independently developed slight variations of the technique that the former initially performed in bilateral inguinal hernia repairs. 12 Stoppa's technique preperitoneal or retrofascial space allowing for the intraabdominal pressure to secure the mesh between the peritoneum and abdominal wall. This location of the mesh allows for incorporation into the surrounding autologous tissues and reinforcement of the fascia without contacting intraperitoneal structures.
9,11
Rives translated these principles to VHR but described placement of the mesh as retromuscular (posterior to the rectus muscle but anterior to the posterior rectus sheath).
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The reason Stoppa and Rives used different terminology was because of the anatomical differences in their respective operative fields. Whereas Stoppa's operation took place inferior to the arcuate line where the posterior sheath does not exist, Rives took place superior to the arcuate line where the posterior sheath is intact. Thus, inferior to the arcuate line, the mesh is placed in the preperitoneal space, but superior to the arcuate line the mesh is placed not only preperitoneal but also preposterior rectus sheath, better known as retromuscular. 13 The term "retrorectus" is a more precise description of this space since the specific muscle referred to by "retromuscular" is the rectus abdominis. The differences in terminology superior and inferior to the arcuate line are illustrated in ►Fig. 1.
Operative Technique
Outlining the aforementioned nomenclature and anatomy allows for a more comprehensive description of this technique. Typically, the surgery begins with a laparotomy incision that is carried down through the subcutaneous tissues until the anterior fascia is reached. The hernia sac, which is lined by peritoneum, is identified and the fascia superior or inferior to the defect is entered. This fascial incision is lengthened to ensure that there is adequate exposure of the hernia defect. After careful dissection of the hernia sac away from the surrounding fascia, if there is a need to enter the peritoneum, it is incised carefully so as not to injure the abdominal contents. At this point, a full exploration of the abdomen can take place and any concomitant procedures may be performed. After the intraperitoneal portion of the procedure is complete or if the operation remains extraperitoneal, the sublay plane can be created for mesh placement. Observing the posterior rectus sheath from underneath, this layer is incised and dissected away from the rectus abdominis (►Fig. 2A). Caution and use of blunt dissection during this portion of the case ensures preservation of the segmental neurovascular bundles and inferior epigastric vessels (►Fig. 2B). If the dissection continues superiorly, the posterior sheath can be divided from the dorsal aspect of the xiphoid process. If the hernia defect extends below the arcuate line, the transversalis fascia with peritoneum (instead of the posterior rectus sheath superiorly) is dissected away from the anterior structures (►Fig. 3A).
11 This dissection can be carried down even more inferiorly into the spaces of Retzius and Bogros, exposing the pubic symphysis. 14 Laterally, the dissection typically extends across the linea semilunaris to facilitate appropriate mesh overlap (►Fig. 3B).
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Once the posterior sheath and transversalis fascia with peritoneum have been dissected away from the rectus abdominis (►Fig. 4A), myofascial releases (discussed in the next section) can be performed. Examples of these include a transversus abdominis release (TAR) depicted in ►Fig. 4B and external oblique release depicted in ►Fig. 5A. The midline is then reapproximated with suture (►Fig. 5A), and mesh is placed to reinforce the repair (►Fig. 5B). Once the mesh is situated by whatever method the surgeon prefers, closed suction drains can be positioned above the mesh through lateral stab wounds. Next, the anterior fascia is sutured together and the midline is reconstructed.
Component Separation
The aforementioned description illustrates what was detailed by Rives and Stoppa several decades ago, 12,13 but it does not describe how to address persistent tension on the midline after retromuscular placement of mesh. This tension on the tissues is important to discuss since it has been implicated as the cause of many operative failures. 9 Ramirez shown in ►Fig. 6. As illustrated in the aforementioned timeline, approximately 25 years passed between the description of the sublay repair and the adjunctive procedure that made it possible to implement appropriately. It then took another two decades for the true scope and applicability of myofascial releases to be described. With substantially decreased surgical site infections (SSIs) and recurrence rates, combining component separation techniques with a sublay mesh repair allows patients with previously "inoperable" hernias to not only have an operation but also one that is durable with decreased recurrence rates.
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Postoperative Outcomes
These recurrence rates for sublay repair have been studied individually and have also been compared with other locations of mesh placement in the literature. A systematic review by Albino et al shows that retrorectus and underlay mesh placement has the lowest rates of recurrence when compared with onlay and inlay placement. 5 A study using data from the Ventral Hernia Outcomes Collaborative subsequently looked at sublay versus underlay specifically in a multi-institutional setting and describes sublay repair as having significantly less recurrences compared with underlay (10.7 vs 25%). 6 A more robust network meta-analysis by Holihan et al further corroborates this finding by showing that sublay repair has the lowest risk for recurrence and the best rate of success when compared with placement of mesh in other locations.
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Along with low recurrence rates, Holihan's study also shows that sublay repair has the lowest risk for SSI when compared with onlay and underlay techniques. 4 Other analyses address the effect of sublay repairs on other surgical site occurrences (SSOs) as well, including cellulitis, wound dehiscence, delayed healing, seromas, and hematomas, all of which can have a large impact on quality of life and health care costs. [24] [25] [26] Overall, SSO is as low as 16% and as high as 46% in patients receiving retrorectus repair, which is equivocal to other locations of mesh placement. 25, 27 Multiple studies also show that increased patient risk factors such as obesity, smoking, previous mesh infection, and prior abdominal surgery increase rates of SSO, which in turn increase recurrence rates, but this is not unique to sublay repairs. 24, 25, 27 Taking all of this into account, retrorectus mesh placement does not adversely affect outcomes when compared with other techniques 6, 28 or when considered in the context of current hernia risk prediction models.
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The aforementioned studies are convincing for improved outcomes with sublay mesh placement, but the appropriate type of mesh to use is still under considerable debate. In fact, this has been a persistent issue in the literature for all locations of mesh placement since Usher et al first described using Marlex to repair incisional hernias in 1958. 29 Studies show that ideal mesh characteristics include inertness, resistance to mechanical strain, minimal foreign body reaction, flexibility, resistance to infection, rapid incorporation into autologous tissue, similar tensile strength to native tissue, low cost, and restoration of the natural movements of the abdominal wall, [30] [31] [32] [33] but no material in use today has all of these features. As a result, there are many different mesh compositions utilized in sublay repairs. The studies which will be discussed next have examined outcomes with several of these different prosthetic materials. Retromuscular Sublay Technique Rhemtulla, Fischer 123
This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
Synthetic meshes (typically polypropylene or polyester) are the oldest implants used in hernia repair and thus have the most data. These meshes have the appropriate characteristics of resistance to mechanical strain, significant tensile strength, and rapid incorporation into the autologous tissue. 34 Due to these properties, studies repeatedly show better recurrence rates (5-20%) and quality of life with synthetic mesh in the retrorectus plane. 24, 35, 36 Despite these improvements, one perceived drawback of synthetic meshes is that they can still be associated with significant SSO in contaminated fields.
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In an attempt to decrease wound events in these cases, biologic meshes are employed as well. The majority of studies addressing biologic meshes in sublay repair are small and retrospective, but do show recurrence rates as low as 12.5%
37 with potential for improved wound events. 24 The main disadvantage of these biologic implants is their significantly higher cost compared with synthetic mesh. 38 As a result, surgeons are often faced with deciding between higher wound complications or higher costs in dirty and contaminated wounds. With new innovations in biosynthetic meshes, which appear to have similar anti-infection properties as biologic meshes at a reduced cost, studies such as the Contaminated Ventral Hernia Repair Using Biosynthetic Absorbable Mesh (COBRA) trial are showing comparable recurrence rates to synthetic mesh with improved quality of life; however, long-term outcomes and cost-effectiveness still need to be assessed.
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With increasing data showing that outcomes improve with sublay position of mesh regardless of the composition, it is also important to consider if the Rives-Stoppa method is appropriate to use in populations at high risk for postoperative complications. One such group of patients are those that carry the diagnosis of obesity. 
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Krpata et al have taken this a step further and report that sublay repairs have exceptional recurrence rates (5%) regardless of any of several different high-risk comorbidities including obesity, diabetes mellitus, chronic obstructive pulmonary disease, smoking, and immunosuppression. 27 Even though many of these comorbidities are independently associated with risk of recurrence and postoperative complications in all types of hernia surgery, 41, 42 it appears that sublay repairs provide a consistent, durable repair.
Future Directions
Regardless of mesh type or patient population, sublay repairs appear to be effective. Sublay repairs have evolved during the past 50 years, but there is still room for improvement. Two such areas are patient quality of life and postoperative pain. After large sublay repairs, often including component separations, patients remain in the hospital for several days to weeks and are severely debilitated for months afterward. With laparoscopic surgery decreasing pain and improving quality of life across many surgical disciplines, studies have been conducted to determine how this technology might be used to perform retrorectus hernia repairs. 35, 43 Prospective trials show that the retrorectus repair can be performed laparoscopically with improved recurrence rates, enhanced quality of life, decreased hospital length of stay, and reduced infection rates in smaller hernia defects. 43, 44 These studies do not have large sample sizes and not much is reported on long-term outcomes, but there is growing evidence to indicate that smalland medium-sized defects can be repaired laparoscopically in the retrorectus plane. One drawback of laparoscopic surgery is the inability to manage larger defects due to the constraints of the workspace and the stiff, rigid instruments. Additionally, these same issues make it difficult to actually close the defect, which leads to decreased adverse events after laparoscopic hernia repair.
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With robotic surgery allowing for more degrees of freedom, some of these deficiencies can be corrected. A recent study shows that when comparing robotic to open sublay repairs, despite the size of the defect or use of TAR, there is improvement in hospital length of stay but 30-day readmissions and SSI are not affected. 46 There are no prospective studies to support these results yet and similar to laparoscopic repair, current investigations have not reported long-term outcomes in large patient populations. Another way to address quality of life and postoperative pain is to study how the mesh is placed in the preperitoneal space. Traditionally, this was accomplished with large fullthickness transfascial bites using permanent 13 or slowly absorbable monofilament 11 suture. Rives initially described placing several stitches circumferentially around the entire mesh, 13 but recently less suture is being used and some surgeons are even considering sutureless mesh adherence in an attempt to decrease postoperative pain from the needle repeatedly passing through the fascia. A recent retrospective study illustrates improved quality of life with fibrin glue fixation of mesh when compared with suture fixation without a difference in 30-day readmissions, SSI, or other postoperative complications. 47 Another small retrospective cohort study assessing self-gripping mesh demonstrates that the majority of these study subjects have next to no pain in the immediate postoperative period and zero have hernia recurrence within 3 months, but data are not available for longer follow-up.
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Other surgeons argue that no fixation of any sort is necessary since the mesh sits in a dissected plane that is then secured and held in place by closing the fascia above it. 11 With no consensus on the subject, mesh placement is currently performed based on personal preference, but prospective studies comparing the risks and benefits may improve operative outcomes, cost, and quality of life.
Conclusion
Laparoscopy, robotics, and sutureless mesh are just a few examples of future directions for sublay hernia repair. There are several other innovations that are currently being theorized and tested. Despite differences in mesh composition or the patient population that is being treated, sublay repairs have shown superiority in recurrent hernia incidence. Similar to Rives and Stoppa, present-day surgeons performing hernia repairs are continually trying to develop the best operation to ensure patient satisfaction and quality of life while eliminating recurrence rates and postsurgical complications. Until the perfect hernia repair is discovered, the sublay technique remains one of the best options. Half a century ago, the Rives-Stoppa repair was the state of the art for ventral and incisional hernia repair. Today, there is a strong case for it to be considered the standard of care.
